Two porcine rotavirus strains (CN86 and CC86) isolated during an epidemiological survey of diarrhoea in swine in Argentina were studied because of several unique characteristics. Both these strains were isolated and cloned from the same faecal sample and the electrophoretic migration of 10 of their 11 genomic dsRNA genomic segments in polyacrylamide gels was identical, but strain CC86 had a supershort electropherotype. We analysed biochemical, serological and biological properties of both viruses. In vitro translation of genome segment 11 RNAs showed that both viruses produced a polypeptide with an apparent Mr of 26K. NO differences in any of the other virus-induced proteins made in infected MA104 cells were found on one-and two-dimensional gels for either strain. In addition, the serotype and the subgroup specificities of both viruses were identical (group A, subgroup I, serotype 5). These results suggest that the rearranged strain was probably generated from the standard one and that the coding capacity of the rearranged segment was conserved. Consistent with this hypothesis, primer extension analysis revealed that the supershort strain had a rearrangement involving partial duplication of genomic segment 11. Biological studies showed differences between these viruses. The rearranged strain (CC86) produced larger plaques in monolayers of MA104 cells and outgrew the standard strain (CN86) when cells were coinfected with both viruses at different relative concentrations and different m.o.i. The possibility that large plaque formation and efficient virus replication can be influenced by the products of genomic segment 11, in addition to segment 4, is discussed.
Introduction
Rotaviruses with genome rearrangements have been reported in humans, calves, rabbits and pigs (Pedley et al., 1984; Thouless et al., 1986; Besselaar et al., 1986; Bellinzoni et al., 1987; Pocock, 1987; Tanaka et al., 1988) . They have also been generated in tissue culture after serial passage at high m.o.i. (Hundley et al., 1985) . Rotavirus isolates with rearrangements in segments 5, 6, 8, 10 and 11 have been characterized, with the greatest number having rearrangements in segment 11. It is not known whether the rearrangements in segment 11 occur more frequently, or if viruses with a rearrangement in segment 11 have some greater selective advantage so that they are detected more easily (Estes & Cohen, 1989) . We have initiated studies of viruses that have rearranged genomes with the aims of determining the mechanism(s) that promote such rearrangements and the possible antigenic and biological consequences of such rearrangements.
Initial analyses characterized two different group A porcine rotaviruses (strains C60 and C117) with unusual electropherotypes due to both strains lacking a normal dsRNA segment 11. Instead, the genome of strain C60 has a new band that migrates between segments 6 and 7, and strain Cl17 has a new dsRNA band that migrates just ahead of segment 9 (Bellinzoni et al., 1987) . In both cases hybridization studies showed that the extra bands have sequence homology with the standard segment 11 (Mattion et al., 1988) .
Structural analysis of these rearranged genes showed that the normal segment 11 is duplicated in a head-to-tail orientation with partial deletions being found in both monomers (Gonzfilez et al., 1989) . These rearrangements did not affect the protein product of the gene 11 as the open reading frame was maintained.
This paper reports on the biochemical and biological characterization of another supershort strain (CC86), which was compared with its putative standard counterpart (CN86). These two strains were isolated from the same faecal sample and the electrophoretic migration of 10 of their 11 genomic dsRNA segments was identical; only segment 11 differed. We describe phenotypic differences of the CC86 rearranged strain which may be related to the changes in its genomic segment 11.
Methods
Cells and viruses. Rotavirus strains were propagated in MA104 cells as previously described (Mattion et al., 1989) . The two porcine rotaviruses studied in this work were isolated from the same faecal sample in a farm where group A rotaviruses displaying unusual electropherotypes were isolated (Bellinzoni et al., 1987; Mattion et al., 1988) . Direct analysis of the faecal samples from this farm revealed only viruses displaying long electropherotypes. However, after adaptation of the viruses to growth in MA104 cells, viruses with long electropherotypes and viruses carrying an extra band migrating between segments 9 and 10 appeared in the sample, suggesting that the original sample contained a mixture of electropherotypes. This presumption was confirmed after the fifth cell passage, when the sample was cloned by passage at limiting dilution. Several clones were obtained, some displaying the original long RNA pattern and others showing a supershort electropherotype characterized by the disappearance of the normal segment 1 l and the appearance of an extra band migrating ahead of the normal segment 9. The electrophoretic migration of the rest of the RNA segments of both clones was indistinguishable, as was shown by comigration of 10 bands from an RNA mixture (see also Fig. 7 ). One clone of each type was selected and further cloned four times by plaque-to-plaque passage. The strain showing the long electropherotype was designated CN86 and the one with the supershort pattern CC86. Serological characterization showed that both isolates belonged to group A, subgroup I, serotype 5 (Mattion et al., 1989) .
Primer extension assay. An oligodeoxynucleotide (5' GGGTAGTGTTTCCTACT 3') complementary to nucleotide (nt) positions 445 to 461 of the genome segment 11 plus strand was synthesized on a Gene Assembler synthesizer (Pharmacia) and purified according to the manufacturer's recommendation. This primer was used to direct the synthesis of ss cDNA by reverse transcriptase on the viral RNA template, as previously described (Gonz~lez et al., 1989) . The elongation products were analysed by electrophoresis on a 6% polyacrylamide sequencing gel with 7 ~t-urea, together with size markers.
Analysis of virus-induced proteins by two-dimensional gels. Confluent monolayers of MA104 ceils grown on 24-well tissue culture plates (Nunc) were washed with phosphate-buffered saline (PBS) and infected with the corresponding virus at a high m.o.i. (10 p.f.u./ceU). Virus was allowed to adsorb for 1 h at 37 °C and, after removal of the inoculum, maintenance medium was added. At 5 h post-infection (p.i.), the medium was changed to methionine-free maintenance medium containing 150 pCi/ml of [35S]methionine. Incubation was continued for 1 h and at the end of the incubation the cells were washed with PBS and resuspended in 0-5 ml of lysis buffer (100 mi-NaC1, 10 mM-Tris-HC1 pH 7-2, 2 mt, I-EDTA supplemented with 1% NP40, 0-5% sodium deoxycholate and 0.5 % PMSF) and nuclei were removed by centrifugation for 15 min in an Eppendorf centrifuge. The resulting supernatants were precipitated at -20 °C with 4 volumes of cold acetone. The precipitates were collected by centrifugation for 10 min at 17000g, dried in vacuo and resuspended in electrofocusing buffer (9.5 M-urea, 2 ~ N P40, 5 ~ mercaptoethanol, 2~ ampholytes, pH 3 to 10). Labelled double-shelled virions were purified in a CsC1 gradient, precipitated with acetone and solubilized in electrofocusing buffer. Labelled viral proteins were subjected to two-dimensional (2D) gel electrophoresis, as originally described by O'FarreU (1977) . Briefly, for the first dimension the proteins were separated in non-equilibrium pH gradients (NEPHGE) on 180 x 3 mm rod gels containing pH 3 to 10 ampholytes (Pharmalytes, Pharmacia). Proteins were then subjected to electrophoresis towards the cathode at 200 V for 1 h and at 400 V for 5 h. Proteins were electrophoresed in the second dimension on 12-5 ~ SDSpolyacrylamide gels according to Laemmli (1970) . Fluorography of gels was carried out by the PPO/DMSO method (Bonner & Laskey, 1974) .
Plaque assays. Confluent monolayers of MA104 cells grown in plastic culture dishes (10 6 cells) were washed three times with PBS, the virus inoculum was added and virus was allowed to adsorb for 1 h at 37 °C. The inoculum was removed and overlay medium (MEM, containing 2-5 pg/ml of pancreatin, 50 pg/ml of DEAE-dextran, 40 n~-HEPES and 0.6~ Oxoid agar) was added. At 4 days p.i. the cells were fixed with 40% formaldehyde and stained with crystal violet.
Competitive growth experiments. Monolayers of MA104 cells (10 6 ceils) in 25 cm 2 flasks were coinfected with a mixture of different ratios of plaque-purified virus of both strains and passaged twice when undiluted. After two passages the harvests were divided and then separately passaged either undiluted, or at a dilution of 10 -2. The genomic RNA of the viruses of each harvest was analysed by electrophoresis in polyacrylamide gels (Laemmli, t 970; Herring et al., 1982) . Control cultures were also inoculated with either virus strain.
One-step growth curves. Confluent monolayers of MA 104 cells grown on 24-well tissue culture plates were infected with each strain as described above at an m.o.i, of 5 p.f.u./cell. Infectious intraceUular virus was titrated at 1, 3, 6, 9, 12 and 15h p.i. using the immunoperoxidase technique as previously described (Mattion et al., 1989) .
In vitro translation. Genomic RNA was extracted from purified virions as described (Bellinzoni et al., 1987) and precipitated at -20 °C by the addition of 3 volumes of ethanol. Preparative polyacrylamide gels (10~, 1.5 mm thick) were made according to Laemmli (1970) . The RNA was electrophoresed for 18 h (15 mA, room temperature). The gel was stained with 0-005 ~ ethidium bromide for 15 min, the bands were visualized under u.v. light and then excised. The gel pieces were electroeluted in TBE buffer (0.089 M-Tris-borate, 0.089 M-boric acid and 0-002 u-EDTA) according to Maniatis et al. (1982) for 1 h at 160 V. The individual dsRNA segments were first extracted with isoamyl alcohol, to remove ethidium bromide, and then with phenol to remove monomeric acrylamide. Finally, samples were precipitated with 3 volumes of ethanol. The pellets were resuspended in 90~ (v/v) DMSO in water. For translation, 2 ~tl of the RNA solution containing 400 ng of the corresponding genomic segment was removed and heated at 70 °C for 10 min. Denatured dsRNA was added directly to the translation reaction mixture. In all cases the DMSO concentration was maintained below 3~. Rabbit reticulocyte lysates were obtained from New England Nuclear. The final volume was 50 ktl, containing 50 txCi of [35S]methionine (New England Nuclear, sp.act. 1000Ci/mmol). Reactions were incubated for 60 min at 37 °C and terminated by rapid cooling at 0 °C. Translation products were mixed with equal volumes of sample buffer, heated (100 °C for 2 min) and electrophoresed at 25 mA using the discontinuous buffer system (Laemmli, 1970) .
Results

Analysis of the coding assignment and structure of the rearranged segment of strain CC86
Segment 11 of strain CN86 and segment 10 of strain CC86 (Fig. 1 b, arrow) were eluted and translated in a cell-free system. When the resulting protein products of segments 11 and 10 were analysed on polyacrylamide gels, we found that despite their different sizes, both segments coded for similar products (Fig. 1 a, lanes 2 and  3, respectively) . The Mr of the polypeptides produced in vitro (26K) is that expected for the gene product of segment 11. Two other bands (approximately 53K and 23K) also seen in these reactions were identified as endogenous products of the reticulocyte lysates, by in vitro translation of other genomic segments in the same conditions (data not shown) and in reactions with no added RNA (Fig. 1 a, lane 4) .
Comparison ofTl RNA maps of each of these dsRNA segments also demonstrated that segment 10 of strain CC86 and segment 11 of strain CN86 shared common sequences (Mattion, 1988) . These data indicate that segment 10 of strain CC86 represents a rearranged version of segment 11 of strain CN86.
To determine whether the rearranged segment of CC86 strain arose as a consequence of a duplication mechanism similar to that determined in the case of strains C60 and Cl17 (Gonzfilez et al., 1989) , primer extension experiments were performed with an oligonucleotide complementary to the standard gene 11 sequence between nt 445 to 461. This sequence is conserved in strain C60, bovine strain UK and human strain Wa. If gene 10 of strain CC86 were also a partial dimer of standard gene 11 in a head-to-tail orientation, two extension products should be obtained, each one initiating on the repeated sequence present in both units. The cDNA extension products were analysed on polyacrylamide gels and, as expected, two extension products of approximately 461 nt and 860 nt (Fig. 2) were obtained. The difference in length between the extension products (approximately 400 nt) was the same as that between the rearranged and the standard segment 11 (approximately 1070 and 670, respectively). Proteins were analysed on a 12-5% polyacrylamide gel according to Laemmli (1970) . (b) Genome profiles of strain CC86 (lane 1) and strain CN86 (lane 2). Genome segments were run in a 10% polyacrylamide gel and visualized by silver staining (Herring et al., 1982) . The arrow indicates the rearranged genome segment of strain CC86. 
Comparison of virus-induced polypeptides of both strains on 2D gels
We analysed metabolically labelled viral proteins by electrophoresis on 1D polyacrylamide gels and found that the overall protein pattern was indistinguishable (data not shown). To look for more subtle protein differences, we compared the patterns of the virusinduced proteins of both strains by 2D gels. These high resolution 2D gels were used to look for amino acid changes that would affect electrophoretic mobility based on changes in charge. Because analysis of rotavirus proteins on 2D gels had not been reported previously, preliminary experiments were performed to assign the spots on the 2D maps to the known viral polypeptides. Two-D gel analysis of the proteins in pulse-labelled infected cells (with and without tunicamycin) allowed the identification of the glycoproteins (data not shown). The positions of VP2, VP3, VP6 and VP7 were confirmed by 2D get analysis of purified virions (Fig.  3d) . As a positive control to confirm that such 2D analyses could detect differences in rotaviral proteins, we analysed the protein profiles of three different porcine virus strains [C158, C134 and C60, (Mattion et al., 1989) ]. These three strains, which were isolated from the same farm in 3 successive years and which represented three different virus serotypes, also have a rearrangement involving segment 11. The only genomic differences detected among the three strains by PAGE are located in the triplet constituted by genomic segments 7, 8 and 9, where the gene coding for VP7 is located. The VP7 of these three different viruses were distinguishable (by Mr and charge) when subjected to 2D analysis (Fig. 4) .
The 2D analysis of the proteins induced in virusinfected cells infected with strains CN86 and CC86 and obtained after 1 h labelling ( Fig. 3a and 3b, respectively) and of a mixture of proteins prepared with equal amounts of c.p.m, from both viral samples (Fig. 3c ) revealed no differences in charge or Mr in any of the identified polypeptides of either strain. These results indicate that strains CN86 and CC86 are closely related. We were not able to identify the product of gene 11 in the 2D gels. Therefore, from these analyses we were unable to establish whether or not there were some differences in charge of the gene 11 proteins, which were shown to have very similar Mr by analysis in 1D gels (Fig. 1 a) .
Biological differences between CC86 and CN86
Biochemical analyses did not reveal differences between the rearranged CC86 and its normal counterpart CN86, but we did find biological differences. After adaptation and several passages in MA104 cells, the stocks of both viruses reached similar titres (around 107 p.f.u./ml). However, when plaqued on MA104 monolayers, strain CC86 displayed plaques significantly larger than those of strain CN86. Fig. 5 shows the plaques produced by three different clones of CN86 and CC86. Although there was some heterogeneity of plaques, it was clear that those produced by strain CC86 are significantly larger than those produced by strain CN86. Because the time span of the viral growth cycle could influence the size of the plaque, we performed growth curve experiments to determine whether the CC86 virus had a shorter replication cycle that would allow it to produce larger plaques in a given incubation time. No significant differences in one-step growth curves could be seen between the two virus strains (Fig. 6) .
Competition experiments
Strains CN86 and CC86 were isolated from the same faecal sample and, judging by the profile of genomic dsRNA, CN86 was the predominant strain. However, after a few passages of the original sample in MA104 cells, strain CC86 was clearly detected in adapted samples (see Methods). This observation suggested that strain CC86 has a selective growth advantage in MA104 cells, compared to CN86, whereas the opposite situation seems to occur when both strains replicate in the susceptible host in vivo. The results shown in Fig. 7 4) and those of the fifth undiluted passage (lanes 5 to 8) and at a dilution of 10 -2 (lanes 9 to 12).
appear to support the first of these hypotheses. In this experiment, MA104 cell monolayers were mixedly infected with both strains at different m.o.i, and with different ratios of each virus (see details in Fig. 7 ). At both high (10 p.f.u./ceU) and low (0.1 p.f.u./cell) m.o.i., strain CC86 overgrew strain CN86. However, although strain CN86 was not detectable, its presence as a minority viral subpopulation cannot be ruled out.
Discussion
The data presented here suggest that the porcine, strain CC86 originated from strain CN86 by a rearrangement of segment 11 that somehow occurred during replication in the field. Although no apparent changes were generated, other than the change at the genomic level, new biological traits were acquired by rearranged strain CC86. These include the ability of CC86 to form larger plaques in tissue culture than strain CN86, and to overgrow the normal CN86 strain after replication in MA104 cells, although both viruses have similar growth curves. Taken together, these results suggest the unusual growth properties of CC86 may be due to these particles being more efficiently released from cells, being more stable or that their rearranged RNA segment has a selective advantage to be encapsidated. Genome rearrangements have been postulated as a mechanism of genetic evolution for the rotaviruses (Allen & Desselberger, 1985; Hundley et al., 1987) , and it is likely that this mechanism for genetic variability may be more common than originally realized. This idea is supported by structural analysis of the RNA of the two porcine strains with supershort RNA patterns, CC86 (this report), C 117 and C60 (Gonzfilez et al., 1989 ) of a rabbit (Ala) strain and of human viruses with short (RV-5) and supershort (B37) electropherotypes. The rearrangements of the three porcine strains' RNAs apparently involve partial duplication of the gene RNAs. Similar duplications have been reported for the supershort rabbit rotavirus (Gorziglia et al., 1989) , whereas the rearranged human virus genes 11 contain extended 3' non-coding regions that are not significantly homologous to each other, or to other parts of gene 11 (Nuttall et al., 1989) . These different structures indicate that a unique mechanism to produce rearrangements does not exist and they raise the possibility of different functions resulting in different structures of rearranged genome segments. Rearranged dsRNA segments have been reported to be frequently involved in reassortment events in tissue culture (Allen & Desselberger, 1985) . It has been proposed in the case of genotypic variants of orbivirus (concatemers of genomic segments) that duplication of encapsidation signals could lead to a more efficient packaging of the rearranged genome (Eaton & Gould, 1987) . Our results suggest the rearranged segments may result in distinct new phenotypic properties of viruses.
The observed overgrowth of CC86 (the minor viral population in the stool) following cultivation in MA104 cells could be caused by intrinsic properties of this virus or from host cell factors that permit selective growth advantages of certain viral genetic traits (Graham et al., 1987) . Hundley et al. (1985) reported the results of competitive assays between a standard bovine strain and its rearranged counterpart generated in tissue culture and involving genomic segment 5. They postulated that the rearranged strain was a non-defective interfering virus, because growth of the rearranged strain was predominant at high, but not low, multiplicities. In our case the overgrowth was seen at both high and low m.o.i, and with different ratios of virus, so this rearrangement had different effects.
Our observation that the CC86 strain produces large plaques is of interest as previously only the gene product of segment 4 has been associated with protease-enhanced plaque formation (Estes et al., 1981 ; Kalica et al., 1983; Haddow et al., 1989; Burns et al., 1989) , and this phenotype was initially thought to segregate only with this single genomic segment. This conclusion has been questioned by recent results which indicate that segments 4 and 9 may be necessary, in certain genetic backgrounds, to produce large plaques. In this case, noncovalent interactions of the outer capsid proteins encoded by genes 4 and 9 have been postulated to play a role in the process . Our results suggest that the genome segment 11 product may also be able to alter plaque size. Future studies analysing single-gene reassortants containing rearranged CC86 gene 11 will be required to test whether the large-plaque phenotype does segregate with the rearranged segment 11.
Recent work has shown that the primary SA11 gene 11 product is a non-structural phosphoprotein, designated NS26 (Welch et al., 1989) . Analysis of the predicted amino acid sequence of this protein suggests that it possesses a potential mononucleotide-binding sequence and its localization to viroplasms suggests that NS26 may be involved in RNA replication or gene assortment (Welch et al., 1989) . These features might contribute to the phenotype detected. Understanding the function(s) of the protein(s) encoded by segment 11 may help elucidate why this segment undergoes rearrangements during the replication cycle and determine how it can influence the biological properties detected in this work.
Virus stains such as CN86 and CC86 provide excellent models for more detailed analysis of the molecular and biological properties of rotavirus genome segment 11. A second potential out-of-frame open reading frame has also been noted in gene 11, but it is still unknown whether this encodes a protein (Mitchell & Both, 1988) . In the case of strain C60, the duplication includes the whole coding region for the potential product produced from the second out-of-frame initiation codon (see sequence in Gonzfilez et al., 1989) , which has been reported to be much stronger than the first initiation codon (Nuttall et al., 1989) . At present, we do not know whether strains CC86 and C117 also contain a duplication of the second open reading frame, but it is possible because of the primer used for the extension experiments and the lengths of the cDNA extension products. If this second out-of-frame product is made, it will be interesting to know whether it might be associated with any of the interesting biological properties associated with the viruses described here.
